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ABSTRACT 

COMMUNICATION  BY  ELECTRICAL  STIMULATION 
OP  THE  SKIN.  I.  ABSOLUTE  IDENTIFICATION 
OF  STIMULUS  INTENSITY  LEVEL 


OBJECT 


To  determine  the  number  of  poeelble  efceolute  ldentificetione  of 
current  intensity  levele  in  order  to  eveluete  the  ueefulneee  of  intenelty 
ee  e  cue  In  en  electrlcel  cutaneous  communicetlon  eyetem. 

RESULTS 


Intenelty  levele  presented  were  equeily  epeced  In  terms  of  ep- 
P*r*nt  megnltude  of  sensetlon  within  the  range  producing  vibretory 
seneetione  hut  not  psln  Subjecte  could  ebsolutely  identify  two  levele 
without  error,  with  maximum  transmission  of  informetion  being  echieved 
with  the  uee  of  ebout  three  levele.  More  informetion  wes  transmitted 
'•hen  e.  c.  wee  presented  et  1500  cpe  then  et  100  cpe. 

CONCLUSIONS 


Two  intensity  levele  would  be  useful  In  e  communiveticn  system 
requiring  perfect  eccurecy,  while  three  levele  would  maximise  trene- 
miesion  of  informetion  In  e  eyetem  which  could  tolerete  eome  error. 

RE  COM  MEN  OAT  IONS 

A  study  ebould  be  mede  of  the  effect  on  informetion  transmission 
of  extended  pbyslcel  inteneity  range  end  immediete  knowledge  of  result e. 
Prior  to  such  e  study  it  would  be  neceeeery  to  determine  wbat  current 
intensltiee  cen  be  tolereted  by  tbe  subjects  without  emotlonel  r sections, 
and  the  reliebllity  of  such  tolerence  limits. 
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COMMUNICATION  BY  ELECTRICAL  STIMULATION 
OF  THE  SKIN.  I.  ABSOLUTE  IDENTIFICATION 
OF  STIMULUS  INTENSITY  LEVEL 

1.  INTRODUCTION 

The  akin  h«a  often  been  considered  a  candidate  for  communication 
when  the  need  eroee  to  find  e  aubetitute  for  the  eye  or  tbe  ear.  The 
Brallla  ByBtem,  utilising  complicated  patterns  of  spatially  arranged 
touch  stimuli,  has  made  a  vast  array  of  literature  available  to  the  blind, 
but  long  training  Is  required  for  its  maetery  and  the  delay  involved  in 
encoding  material  Into  Braille  severely  reetricte  Information  trans¬ 
mission  epsed. 

Many  attempts  hevs  besn  made  to  train  subjects  to  "hear"  directly 
vie  the  skin,  but  on  ths  whole  without  much  success  (4,  8,  and  14).  The 
basic  difficulty  with  these  studies  has  been  the  failure  to  appreciate  the 
fact  that  ths  skin  cannot  make  temporal  discriminations  as  fine  as  those 
made  by  our  better  known  receptors  for  sound  energy,  the  sere.  Geldard 
has  pointed  out,  "No  one  paused  to  ask  the  skin  what  language  it  could 
compass.  No  one  considered  what.  .  .  tbe  tongue  of  the  skin  .Ight  be. " 

(5).  One  should  not  assume  that  the  sensory  properties  of  the  »U»  are 
so  similar  to  those  of  the  oar  that  nothing  more  than  a  little  trs*.  i 
required  to  enable  the  immediate  interpretation  of  speech  appli*. 
rectiy  to  the  okln.  Retber,  the  first  step  Is  to  assess  cutaneous  sensi¬ 
tivity  to  the  types  of  signals  likely  to  prove  useful  in  communicanon. 
Geldard  and  hie  co-workere  have  done  so  for  mechanical  vibration. 

A  communication  system  ueing  mechanical  vibration  of  the  okln 
wae  described  by  Geldard  (5).  Primary  cues  utilised  in  the  system  were 
three  intensities  of  stimulation,  five  loci,  end  three  stimulus  durations. 
Combination  of  the  cues  afforded  45  different  signals;  the  26  letters  of 
ths  alphabet  wore  assigned  to  e  like  number  of  these  signals,  other  cue 
combinations  were  used  to  stand  for  the  10  digits,  with  tbe  remaining 
cue  combinations  available  for  short  worde  such  ae  "tbe"  or  "of." 
Maximum  theoreticei  speed  of  this  system  wae  67  words  per  minute  for 
common  prose  samples.  Training  of  subjects  with  the  system  demon¬ 
strated  that  these  vibratory  signals  could  bo  used  for  communication 
purposes. 

An  electrical  cutaneous  communication  system  analogous  to  that 
using  mechanical  vibration  would  have  the  advantage  of  providing  a  more 
easily  controllable  source  of  stimulation,  as  weii  as  ease  of  design  of 
the  stimulator  which  rests  on  the  skin.  Electrodes  are  more  easily 


typically °ic 1  eVu  1  ITy ’  Ihu^atto* rdTns \\ «7nt  *T  *’ Vlb r*to r * 1  *nd 
nienta.  Further,  for  mechaniral  interlereaci  with  normalmove- 

"nerglj-a  the  vibrator*  used  was  on  th*  ^V**"  f!nOUnt  of  Power  needed  to 

*  tenth  a.  much.  or  ... sn^.Vrv  Tor  ZV  “  C°mp*red  «-  only 

necessary  for  electrical  stimulation  of  the  skin. 

— utrssis: -sr;  *•—  - 

should  b*  made  of  those  cuesalread^i  *"  p°“,lbl*'  but  investigations 

stimulation,  and  differ  in*  locus  of  e’tim  l  *i  Y  °* *tlmul*tlon.  Oration  of 

t«n,ity ...  topic  rx^2»4ss: in- 

•//».  .kin  h.ye  b..„ 

threehoid  currant  value.  „d  0  035  ,t  ,  ”d'  °'1Z°%  ‘h” 

of  intsnsity  levels  must  be  Investigated.0  *b-°iut"  ld™tiflcations 

ayatan.  deacrlb.Vb'y  Godard  •mmmlc.tioa 

Absolute  judgments  which  can  ha  t  ”  *  "tudy  °*  the  number  of 

tan.ous  vibration  UOl  fc  ^.  .^  n..ch«iic.l  cu- 

preaantad  to  tha  aubjact  tor  idantmcatio^th  '  “""**»  levele  ware 

balnt  chan, ad  unlit  tha  100*  correct  lava!  waa  number  of  euch  lev.:, 

were  equally  eoaced  lntarmaotj  n  d'e'  j  a  th^»  I?'*" The 

Jnd's  apart  a '.one  the  intanattu  "*  *y  were  *  constant  number  of 

.P.cin/by  s,JS  n^blTr  “jnVs  .7.  ”•  ^  Pr°Cedure  of  -“"ulus 

*n  Assumption  implicit  In  Fechnsr'e  foTmTut^*'1^  **  !?"  °£  tb*  ■ind'*- 
ltitlonsbips .  Invest  is  alien  a  <,(  ,  „  formulation  of  psycbopbysical  re- 
(11.  12.  and  13)  by  St.v.n, 

equal.  Jod  a  are  not  oecessarlly  subjectively 

aubj.c“  u» 

hAs  been  the  one  principally  ussd  by  Steven*  to  °  m**nltud,’  ••timation" 
t  ua  in  «  effort  to  relate  them  meaningfully  to  physEl' V.H^r.’uch 


*■  changes  of  intensity  of  stimulation.  Dots  on  most  of  thssa  continue 
bays  yielded  functions  which,  plottsd  in  log-log  oordinatse,  may  bs 
fitted  by  s  straight  lins  whose  slops  is  ths  exponent  of  s  power  function 
relating  ths  physical  dimension  to  sppsrent  magnitude  of  the  sensation. 
This  is  in  contrast  to  the  mors  traditions!  logarithmic  function  postulated 
by  Fechner.  Ths  slope  of  the  line  which  best  fitted  such  date  for  intensity 
of  electrics!  stimulation  of  the  skin  has  been  reported  to  bo  3.  5  by  both 
Hawkss  (6)  and  Stevens  (13).  Hawkes1  results  srs  reproduced  in  Figure  1. 
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Fig.  1.  Effect  of  current  intensity  on  estimated  magnitude  of  sen¬ 
sation  for  2  froqusneiso  of  alts  mating  current.  Data  from  Hawkss  (6). 
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The  prelent  study  was  deiigned  to  determine  the  number  of  current 
intensity  levels  which  could  be  absolutely  identified  with  100%  accuracy, 
and  the  channel  capacity  for  such  stimuli.  Knowledge  of  the  number  of 
intensity  levels  100%  correctly  Identified  would  be  useful  in  the  design  of 
an  electrical  cutaneous  communication  system  reqiiring  perfect  accuracy 
with  minimal  training,  while  knowledge  of  the  number  of  levels  which 
achieves  maximum  transmission  of  information  would  be  useful  in  the 
design  of  a  system  which  could  tolerate  some  error.  The  intensity  levels 
used  in  this  study  we.e  equally  spaced  in  terms  of  apparent  subjective 
magnitude  of  sensation  according  to  the  results  shown  in  Figure  1  at  the 
frequencies  of  stimulation  for  which  data  were  reported,  100  cps  and 
1500  cps.  The  possibility  of  increased  information  transmission  Incident 
to  use  of  subjects  with  a  high  level  of  psychological  sophistication  was 
also  investigated. 

II.  EXPERIMENTAL 


A.  Subjects 

Twenty-four  subjects  participated  in  this  experiment.  Eighteen 
of  them  were  enlisted  men  stationed  at  the  US  Army  Armor  Center,  Fort 
Knox,  Kentucky,  these  subjects  had  no  previous  experience  in  the  re¬ 
porting  of  sensations  elicited  by  the  application  of  alternating  current 
stimulation  to  the  skin.  This  group  was  designated  as  "naive.  "  The 
remaining  six  subjects  were  experimental  psychologists  of  the  US  Army 
Medical  Research  Laboratory,  Fort  Knox,  Kentucky,  All  members  of 
this  group  had  received  a  Ph.  D.  in  Psychology,  and  had  participated  in 
many  psychological  experiments.  This  group  was  designated  as  "sophisti¬ 
cated.  " 


B.  Apparatus 

A  block  circuit  diagram  of  the  apparatus  is  shown  in  Figure  2,  page 
6.  The  circuit  was  completed  by  closing  the  switch  interposed  between 
the  oscillator  and  the  electronic  switch.  The  electronic  switch  was  de¬ 
signed  to  turn  tha  signal  on  and  off  at  rates  of  onset  and  offset  which 
avoided  the  production  oftransients.  The  General  Radio  Type  978-R  potenti¬ 
ometer  controlled  the  amount  of  current  through  the  subject.  Current 
flow  was  computed  from  the  voltage,  measured  with  a  Ballantine  Type 
300-D  vacuum  tube  voltmeter,  across  a  100-ohm  resistor  in  series  with 
tbe  subject.  Also  in  series  with  the  subject  during  the  experiment  proper 
was  a  500,000-ohm  resistor  to  reduce  fluctuations  in  the  amount  of 
current  flow  due  to  the  changes  in  the  skin  resistance  of  the  subject. 
Stimulus  wave  form  was  monitored  by  a  Du  Mont  type  304- A  Cathode 


Ray  oacilloacope.  The  wave  form  remained  ainuaoidal for  the  frequcncle 
and  intenaitiea  uaed  in  'hia  experiment. 

One  lead  to  thn  eubjejt  wae  attached  to  a  circular  el.-  rode 
12  mm  in  diameter,  which  reated  on  the  pad  of  the  index  finger  of 
the  eubject.  the  other  lead  wae  attached  to  a  25  mm  diameter  circular 
electrode  which  reated  on  the  palm.  Both  electrodee  were  coated  with 
Medcralt  Electrode  Compound  (manufactured  by  Medcraft  Electronic 
Corp. ,  Babylon,  N.  Y. ). 


Fig.  t.  Block  circuit  dlegrerei  of  upper  at  ua 


c. 

Four  aeta  of  etimuli  were  aelacted  for  abeolute  identification 
of  current  intenalty.  The  two-category  eet  conaieted  of  a  low  intenaity 
levei,  juat  enough  higher  than  the  RE1  of  the  aubject  to  aaaure  that  it 


would  alway*  remain  above  the  RL  for  a  aerie*  of  judgmanta,  and  a  high 
intensity  level  which  waa  below  the  pain  RL  for  moat  of  tha  aubjecta; 
tha  valuea  aelected  were  114%  and  197%  of  tha  RL  current  value.  The 
three-category  atimuli  ware  114%,  170%,  and  197%  of  tha  RL;  tha  four- 
category  atimuli  were  114%,  155%,  180%,  and  197%  of  tha  RL;  tha  five- 
catagory  atimuli  were  114%,  148%,  170%,  185%,  and  197%  of  the  RL 
current.  All  atimuli  were  equally  apaced  in  term*  of  equal  aubjective 
Increment!  of  aenaation,  according  to  the  reaulta  ahown  In  Figure  1. 

Inter- aubject  and  inter-aeaaion  differencea  In  current  (ma) 
neceaaary  to  reach  the  abaolute  threahold  were  too  great  to  permit  uaa 
of  the  aame  abaolute  aluea  of  current  throughout  the  experiment.  Ac¬ 
cordingly,  the  RL  for  a  givan  aubject  waa  meaaured  for  each  aeaalon, 
and  atimulua  intenaity  lavela  (in  ma)  aelected  which  had  a  given  ratio 
(in  %)  to  the  RL  current  value. 

Twelve  "naive"  aubjecta  were  atimulated  wi»h  a.  c.  at  a 
frequency  of  100  cpa;  12  additional  aubjecta  received  atimulation  at 
1500  cpa.  Six  of  the  aubjecta  In  the  1500  cpa  group  were  "naive" 
and  6  were  "aophiaticated. "  Familiarisation  with  electrical  atimu¬ 
lation  waa  given  the  aubjecta  prior  to  the  firat  experimental  aeaalon 
to  avoid  any  undue  emotional  reaction  to  atimulation  by  electrical 
current. 


Each  aubject  waa  given  four  aaaaiona,  with  each  different 
aeaaion  being  devotad  to  Identification  of  a  number  of  intenaity  level*. 
Six  of  the  aubjecta  of  the  100  cpa  group,  3  aubjecta  of  the  "naive"  1500 
cpa  group,  and  3  aubjecta  of  the  "aophiaticated"  1500  cpa  group,  re¬ 
ceived  five  intenaity  level*  during  the  firat  aeaalon,  four  level*  during 
the  aecond  aeaaion,  etc.  ;  the  remaining  twelve  aubjecta  received  two 
intenaity  level*  during  the  firat  aeaaion,  three  level*  during  the  aecond 
aeaaion,  ate. 


After  meaaurement  of  the  aubject'*  RL  for  a  given  aeaalon, 
he  waa  than  preaented  100  atimuli  for  identification,  tbe  atimuli  being 
in  a  different  random  order  for  eacb  aubject  and  eacb  eeaalon.  The 
inatructiona  were;  "The  purpoae  of  thla  experiment  ie  to  determine 
how  many  level*  of  electrical  intenaity  can  be  identified  by  bum  an  aubjecta. 
You  are  aaked  to  idantify  two  (or  three,  etc.)  level*  of  intenaity  by  re- 
aponding  '1'  if  you  think  it  waa  the  weak  intenaity  level,  or  '2'  if  you 
think  it  waa  tbe  atrong  Intenaity  level.  Here  ia  number  '1'  (atimulation 
waa  praaented),  and  here  ia  number  '2';  here  ia  number  '2'  again 
(atimulation  waa  preaented  again),  and  here  ia  number  '1'." 
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Before  each  etimuiue  pre  eentation,  the  eubject  waa  warned  by 
"ready,  ”  then  the  etimuiue  wii  turned  on  by  the  Hunter  timer  for  0.  5 
nee.  after  which  the  eubject  indicated  the  number  which  ehould  be  ae- 
e lgned  to  it.  Stimuli  were  preeented  at  a  rate  of  about  one  every  2.  5 
eec,  with  a  ehort  reet  interpolated  between  etimjlue  preeentation 
number  50  and  number  5i.  Seeeione  tended  to  average  30  min  in  length. 

HI.  RESULTS 

Mean  valuee  for  the  numbe  r  of  correct  identification  for  the  iOO  epe 
group  are  plotted  in  Figure  3.  Comparieon  ie  mad  i  between  eubject e  pre- 
eentedfive  categoriee  in  the  fir  et  eeeeion  andthoet  preeented  twocategories 
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Fig.  3.  Mean  per  cent  correct  identificatione  of  current  Inteneity 
leveie.  100  cpe. 


in  the  firet  eeeeion.  Per  cent  correct  identificatione  for  the  i500  cpe 
group  are  plotted  in  Figure  4.  Subject  groupe  compared  are  "naive," 
"eophieticatod, "  thoee  preeented  five  categoriee  in  the  firet  eeeeion. 


The  information  transmitted  as  a  function  of  number  of  in¬ 
tensity  level*  is  plotted  in  Figure  5  for  the  100  cps  group,  and  in 


NUMBER  OF  INTENSITY  LEVELS 

Fig.  5.  Mean  information  transmitted  a*  a  function  of  numbar  of 
current  intensity  levels  100  cps. 


Figure  6,  paga  12,  for  the  1500  cps  group.  Individual  subject  data 
are  listed  in  Tables  3  and  4,  pags  13.  Analysis  of  information 
transmitted  was  mad*  according  to  a  model  described  by  Garner 
And  Hake  (3).  Evan  though  more  stimulus  Information  was  available 
with  four  or  five  categories,  transmission  of  information  was  only 
slightly  greater  than  was  reached  by  the  us*  of  only  thraa  levels 
of  Intensity. 

At-test  for  differences  in  the  "amount  of  information  transmitted  by 
theaverage  observer"  (1)  indie  at ed  that  there  was  no  significant  difference 
batwaan  tha  100  cps  group  which  was  presented  two  Intensity  level*  inthafiret 
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NUMBER  OF  STIMULUS  INTENSITY  LEVELS 


TABLE  3 


session  and  those  presented  five  level*  in  the  first  session  (t  =  .14). 
Analysts  of  variance  wai  made  of  the  difference*  in  information  trans¬ 
mitted  by  the  *ubject*  of  the  1500  cp*  group,  the  result*  are  summarised 
In  Table  5. 

TABLE  i 


ANALYSIS  Or  VARIANCE  OF  MEAN  ANOUNT  OF 
INFORMATION  TRANSMITTED  BY  EACH  SUBJECT 
1500  -P. 


Table  5  indicate*  that  there  wa*  no  significant  difference  in  "in¬ 
formation  transmitted  by  the  average  observer"  due  to  level  of  sophisti¬ 
cation  of  the  subjects  ("sophisticated"  v*.  "naive").  There  was  no 
Significant  difference  in  information  transmitted  between  tha  1500  cps 
group  which  was  presented  two  Intensity  levels  in  the  first  session  and 
those  presented  five  intensity  levels  in  the  first  session.  The  inter¬ 
action  of  level  of  sophistication  and  order  of  presentation  also  was  not 
significant. 

A  t-tsst  was  made  of  tha  diffarancas  batween  the  "amount  of  in¬ 
formation  transmitted  by  the  average  observer"  for  the  100  cps  group 
and  tha  group  whicb  received  stimulation  at  1500  cps.  The  t  value  of 
2.99  was  significant  at  the  .01  level  of  confidence,  demonstrating  a 
significantly  greater  amount  of  information  transmitted  when  the  stimu¬ 
lation  was  presented  at  1500  cps  than  when  100  cps  was  used. 

IV.  DISCUSSION 


If,  in  a  given  situation,  100%  correct  performance  is  necessary 
for  communication  involving  a.  c.  stimulation  of  the  skin,  then  only  two 
levels  of  intensity  should  be  used.  However,  as  Howell  (7)  has  suggested 
in  connection  with  mechanical  cutaneous  vibration,  it  is  possible  to  take 
advantage  of  the  fact  that  more  information  is  transmitted  by  three 
categories  than  two  if  intensity  level  is  combined  with  other  cues  to  add 
redundancy  to  a  massage.  Context  might  also  help  to  reduce  tha  number 
of  incorrect  responses  due  to  occasional  error  if  three  intensity  levels 
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were  uaed  in  order  to  achieve  maximum  tranemieaion  of  information, 
it  ii  aiao  poaaible  that  with  proper  train<ng  aubjecta  couid  identify  three 
levela  i 00%  correctly, 

Aliuiai  (i),  in  a  review  of  aeverai  atudiea  in  audition  and  viaion, 
ha*  pointed  out  that  immediate  knowledge  of  raaulta  ha*  been  found  to 
increaae  the  amount  of  information  tranamitted.  Knowledge  of  reaulta 
might  improve  performance  aufficiantiy  to  permit  uae  of  three  intenaity 
level*  without  error.  Aliuiai  alao  reviewed  aeverai  inveatigationa  which 
reported  a  gain  in  information  tranamitted  a*  a  reauit  of  extending  the 
physical  range  of  etimulation.  A  wider  apacing  of  the  alimuii  uaed  for 
identification  might  permit  the  uae  of  three  intenaity  ieveia,  or  more, 
without  error*  being  produced  thereby,  aa  well  aa  an  increaae  in  infor¬ 
mation  tranamitted.  It  ia  doubtful,  however,  that  with  greater  apacing 
per  *e  the  channei  capacity  would  be  increaaed  very  greatly,  aince  little 
increaae  »ii  found  to  reauit  from  aimilar  procedure*  in  the  atudiea  re¬ 
viewed  by  Miller  (9). 

Although  the  numbar  of  Intenaity  level*  which  could  be  identified 
by  the  aubjecta  of  thie  experiment  waa  considerably  leaa  than  the  aeven 
which  might  ba  expected  on  tba  baaia  of  Miller'a  review  (9),  the  number 
found  here  waa  very  cloee  to  that  which  baa  been  found  for  a  number  of 
dimen* ion*  uaing  mechanic ai  vibration  of  the  akin,  aa  wall  aa  in  other 
modalitiea  auch  aa  teat*  (2).  The  email  number  of  intenaity  level*  which 
could  be  identified  in  thia  atudy  compared  to  tba  numbar  of  identification* 
which  can  ba  made  of  auditory  loudneaa,  for  example,  might  be  due  to 
aoma  extent  to  tbe  narrow  range  of  pbyaicai  inteneitiee  of  currant  which 
could  be  uaed  in  the  preaent  experiment,  dictated  by  tbe  neceaaity  of 
avoiding  pain  aanaationa  on  moat  of  the  aubjecta  uaed.  It  haa  been  eug- 
geatad  (6),  that  the  narrow  rang*  of  pbyaicai  inteneitiee  which  can  be 
uaad  for  a.  c.  etimuiation  of  the  akin  might  ba  due  to  a  different  mode  of 
operation  of  electrical  currant  aa  oppoeed  to  adequate  etimuli.  It  waa 
poatulated  that  electrical  current  operate*  directly  on  tho  cutaneoue 
nervea,  aa  well  aa  on  cutaneoua  receptor*. 

Intenaity  of  etimuiation,  if  uaed  aa  a  cue  in  an  electrical  cutaneoua 
communication  ayatam,  ahouid  ba  preeented  to  aubjecta  at  a  frequency  of 
1500  epa  aa  nppoeed  to  100  cpe.  The  "naive"  1500  epa  group  waa  not 
different  in  any  apparent  way  from  tbe  iOO  epa  group,  and  there  waa  no 
eignificant  difference  in  tbe  information  tranamitted  by  the  "naive"  aubjecta 
aa  oppoeed  to  tba  "eopbiaticated"  aubjecta.  Therefore,  tba  aignificantly 
greater  tranamiaaion  of  information  by  the  1500  cp*  group  muat  ba  ae- 
aumed  to  be  due  to  the  uae  of  a  atlmuiua  frequency  of  i500  epa,  rather 
than  to  difference*  between  the  aubjecta  who  participated  in  thia  atudy, 


15 


although  some  of  the  performance  differential  might  be  explained  on  the 
baaia  of  individual  differencea. 

V.  CONCLUSIONS 

Communication  by  etimulation  of  the  akin  haa  potential  uaefuinaee 
where  the  aye  and  aar  are  not  available,  aa  in  caeca  of  aenaory  impair¬ 
ment  (the  blind-deaf),  when  the  receiver  la  in  a  high  nolaa  level  situstion 
(e.  g.  ,  near  jet  aircraft),  or  where  for  aecrecy  purpoeea  alienee  muat  be 
preaerved,  and  in  aituationa  where  a  "unique"  etimulation  might  be  de¬ 
sirable  (e.  g.  ,  aa  a  warning  aignal).  Communication  by  mechanical 
vibration  of  tha  akin  haa  bern  abown  to  be  feaelble,  but  electrical currert 
haa  aome  advantagea  as  a  source  of  stimulation.  Intensity  of  stimulation 
was  one  of  the  primary  cues  in  the  mechanical  vibration  system,  three 
such  levels  being  used  since  it  was  known  that  subjects  could  absolutaly 
identify  this  number  of  levels  with  100%  accuracy. 

The  reaulta  of  the  present  atudy  indicate  that  subjects  can  abso¬ 
lutely  identify  two  intensity  levele  of  electrical  currant  without  error, 
and  that  maximum  transmission  of  information  is  achieved  with  the  uaa 
of  only  about  three  levels.  Degree  of  psychological  sophistication  made 
no  difference  in  the  amount  of  information  transmitted  by  the  subjects, 
and  no  difference  was  found  dependant  on  the  number  of  intensity  levels 
presented  lor  identification  in  the  first  session. 

Tha  use  of  Intensity  level  aa  a  cue  in  an  electrical  cutaneous  com¬ 
munication  system  requiring  perfect  accuracy  should  be  restricted  to 
two  levels,  but  maximum  transmission  of  information  could  be  achieved 
by  the  use  of  three  levels  in  a  systsm  which  could  tolerate  some  error. 
Stimulation  should  be  presented  at  a  frequency  of  1500  cps,  rather  than 
100  cps,  since  subjects  in  tbis  experiment  transmitted  more  information 
when  this  frequency  wae  used. 

VL  RECOMMENDATIONS 

Additional  studies  should  be  made  of  the  ability  to  make  absolute 
identifications  of  current  intensity  levels  using  an  extanded  physical  in¬ 
tensity  range  and  with  immediate  knowledge  of  results,  these  procedures 
having  been  reported  to  result  in  increased  transmission  of  information 
in  other  experiments.  Before  a  study  can  be  made  of  the  influence  of 
extended  physical  range  on  the  amount  of  information  transmitted,  an 
investigation  should  be  made  of  the  tolerance  limit  of  subjects  for  a.  c. 
stimulation  of  the  skin,  the  relative  reliability  of  this  threshold,  and  of 
the  possibility  of  using  pain  producing  stimuli  without  causing  undue 
emotional  reaction  on  tbe  part  of  the  subjects. 
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